Composites of boron nitride ( BN ) 
) [2] . Such a crystal structure is very similar to graphite with the difference that, in boron nitride, the hexagons are stacked directly on top of each other whereas, in graphite, the carbon atoms in one layer lie over the midpoint of the hexagons in the layer immediately above. The bonding energy between layers is low (reported at 4 kcal/mole) [3] and considerably less than the boron to nitrogen bond strength (reported at 152 kcal/mole) [4] . This leads to a high degree of anisotropy in the properties of the polycrystalline material as shown in Table 1 [5] . The differences in thermal expansion cause large internal stresses to develop during heating and cooling which in turn leads to delaminations between the ab planes. Toble 1. Artisotropy of Crystalline Boron Nitride (Ref. 5 
and 12).
A similar problem of microstructure anisotropy is found in pyrolytic carbon and has been successfully mitigated by depositing the carbon on a randomly oriented carbon fiber substrate such as felt [6] . The fibers used in these felts were produced by a commercial process by nitriding a boron oxide fiber precursor [8] . Their properties are summarized in Table 2 [9] . This observation was also reported by Gebhardt [10] ..
Yet another potential source of boron nitride comes from the reaction of boron trifluoride and ammonia [13] . BF3 The CVD apparatus is shown schematically in Figure 2 [13] , it was expected that the deposition rate would be too low below 1100°C. Temperatures much above 1200°C on the other hand were expected to result in too high a deposition rate and a tendency to deposit mostly on the outside portion of the felt and crust over [10, 13] .
Pressure was maintained between 30 and 40 Torr. The selection of this pressure level was based on the results obtained by Dungan [13] .
A balanced reaction would require an essentially equal flow rate of the two reactants. The flows were arbitrarily fixed at 300 cm3fmin of ammonia and 230 cm3/min of boron trifluoride, thereby, using an excess of ammonia to insure that most, if not all, of the boron trifluoride was reacted.
The duration of the infiltration experiments was usually over 100 hours to obtain satisfactory densification of the felt. [2] . These findings contrast with those of Li [12] and Gebhardt [10] who report that, with other source gases such as BCR3 or B3N3H3CV3 and deposition temperatures of 11 100&dquo;C to 12000C, the deposites were essentially amor-. phous. Even for a 2000°C deposition temperature, Li reports a d002 3% greater than theoretical which would be -3.43 A, considerably above the results of this study. Thus the use of BF3 as a source gas seems to produce deposites with low interlayer spacing even at low deposition temperatures. Figure 4 is a photomicrograph of a typical section of the composite. 
Physical Properties
Both Li [12] and Beghardt [10] g/cm3. An average fiber diameter of 6.0 pun ± 5% (20 measurements) was obtained by measuring on 800 X photomicrographs of the metallography samples. Table 4 shows the results of the pycnometry and Quantimet studies. The Quantinet analyses of the felt prior to infiltration gives a fiber volume of 5%. As menioned in. the introduction, the role of the fiber is to act as a substrate for the (1) 4 samples tested (2) given by 100 He H ' '1le ' deposition of .the boron nitride matrix. The Quantimet was also used to measure the angle of each fiber with the surface of the sample ( by measuring the area of each fiber cross section ). Figure 5 plots the fiber population as a function of the angle of the fiber to the surface of the felt. It also plots the fiber population of a truly random fiber array. The plot shows that the felt is not truly isotropic and that the fibers tend to align themselves parallel to the surface [16] . g/cm3 at I 100°C and 1.42 g/CM3 at 1200°C deposition temperature [12] . Dungan and Gilbert [13] quote a true density of -1.5 g/cm3 with trimethyl borate over a wide range of temperature and 1.6 glcm' for BC'St3 at 1200°C.
Mechanical Properties
. Table 5 gives the sonic moduli of the BN composites. It shows that the modulus in the direction parallel to the surface is 39% higher than in the direction perpendicular to the surface. This anisotropy may be related to fiber orientation in the following manner.
The deposition of the BN matrix on the BN fiber produces a sheath around each fiber with the basal planes ( ab direction ) aligned parallel to its long axis. Since the strength and modulus of the PBN in the ab plane is considerably higher than in the c direction (Table 1) , it follows that the higher strength and modulus orientations of the matrix will be aligned with the fiber.
Therefore, the high strength and modulus of the matrix in the direction of the fiber mean the strength and modulus of the composite should be higher in the direction parallel to the surface since the majority of the fibers tend to be aligned in that direction. The observed trend in the sonic modulus measurements (Table 5) is consistent with this fiber matrix orientation effect. It is expected that the strength of the composite would have the same directional dependence as the modulus. (Table 1) ; the anisotropy ratio is more than 40 to 1. These basal planes are aligned parallel to the fiber axis and the highest conductivity will therefore be along the fiber. Since the majority of the fibers tend to be aligned parallel to the surface, it-follows that the highest conductivity should be higher parallel to the surface and lower perpendicular to it. The observed trend (Table 6 ) is consistent with this fiber matrix orientation effect. As might be expected, the thermal conductivity measurements of the composite in either direction, fall between the measurements for pyrolytic BN. Iakewise, the basal planes ( Qb direction ) have a much lower thermal expansion than the out of plane ( c ) direction ( Table 1 ) ; the anisotropy ratio is 25 to 1. The lowest expansion will therefore be along the fiber and, in the composite, the lowest expansion will be parallel to the surface and the highest perpendicular to it. The observed trend ( Table 7 ) is consistent with this fiber matrix orientation effect.
The failure to achieve an isotropic material can be attributed to the lack of isotropy of the fiber substrate. Since both mechanical and thermal properties appear to be related to fiber orientation, it may be assumed that, if a truly random felt substrate were used, a composite would be obtained with essentially isotropic mechanical and thermal properties. 
